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Received July 25, 2011; accepted May 11, 2012AbstractComputer-assisted neuronavigation (an image-guided technique that facilitates brain tumor surgery) reduces the risk of neurological
morbidity. Postoperative neurological dysfunction is also minimized by performing intraoperative neurological testing during awake craniotomy
with proper surgical resection of a brain tumor. However, when the patient’s airway is not secured, an awake craniotomy can be hazardous if
emergent intubation is necessary. The present report describes a young man with a brain tumor who underwent neuronavigation-guided wake-up
craniotomy and surgical resection of an astrocytoma. The patient was intubated throughout the course of the procedure, during which modified
intraoperative neurological tests were performed for cortical mapping. The patient recovered well after the operation and without any neuro-
logical deficits.
Copyright  2013 Elsevier Taiwan LLC and the Chinese Medical Association. All rights reserved.
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For many years, computer-assisted neuronavigation has
been used for brain tumor surgery and for the management of
other pathological conditions of the brain. Neuronavigation
technology facilitates brain surgery and is believed to reduce
the risk of post-surgical neurological morbidity.1 Awake
craniotomy has also been used for several years for epilepsy
surgery and for resecting tumors located in the eloquent cor-
tex.2 To minimize postoperative neurological dysfunction,
intraoperative neurological testing can be performed during
awake craniotomy, followed by proper surgical resection.
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neuronavigation-guided brain surgery, the patient’s head
should be secured with a Mayfield clamp. However, main-
taining the airway may be difficult with this procedure if
emergent intubation is necessary during the course of the
surgery. The present report describes a patient who underwent
neuronavigation-guided wake-up craniotomy for the resection
of a tumor that was near Wernicke’s area. For safety consid-
erations, the patient was intubated throughout the entire pro-
cedure. Wake-up neurological tests were modified for this
intubated patient.
2. Case report
A 27-year-old male went to a local hospital due to a seizure
associated with loss of consciousness. Brain computerized
tomography was performed, revealing an ill-defined mass over
the left temporal lobe with perifocal edema. The patient washinese Medical Association. All rights reserved.
Fig. 2. Axial T2-weighted magnetic resonance image(MRI) shows a round
hyperintense tumor with perifocal edema in the left temporal lobe (arrow).
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admission, his neurological examination showed no other
neurological deficits, except for a mild decrease in the muscle
power of the four limbs. Magnetic resonance imaging (MRI)
was performed. An axial tractogram revealed medial deviation
of the white matter tract in the left temporal lobe (Fig. 1).
Axial T2-weighted MRI revealed an infiltrative tumor in the
left temporoparietal lobe with perifocal edema (Fig. 2). After
adequate explanatory preoperative communication with the
patient, we performed navigation-guided brain tumor surgery
with intraoperative wake-up testing. After the induction of
general anesthesia, the patient was placed in the supine posi-
tion with his head turned to the right and fixed with a Mayfield
clamp. The asleep-awake-asleep anesthetic technique com-
bined with intubation was selected for this patient. To reduce
the tracheal reflex, xylocaine (5 cc of a 2% solution) by
inhalation with nebulizers was administered for 10 minutes
preoperatively and for 5 minutes preceding the wake-up
procedure.
A left temporoparietal craniotomy was performed. When
the tumor was exposed, the anesthetic was stopped and the
patient was allowed to awaken so that brain mapping could be
performed. An Ojemann stimulator (Radionics Inc., Burling-
ton, MA, USA) was used for bipolar cortical stimulation. He
underwent neurological tests, which included finger counting,
performing calculations, answering questions, and writing.
The Beuson-Geschwind classification of aphasia,8 Ojemanu
Mira intraoperative cortical stimulation mapping,9 and the
modified Boston Diagnostic Aphasia Examination10 were
administered to evaluate his language function. The patient
was asked repeatedly to count his fingers from 1 to 10 and to
identify objects by pointing to the printed words or photo-
graphs of the objects. To evaluate his reading ability, heFig. 1. Axial tractogram reveals a tumor in the left temporal lobe. The tumor is
deviating the white matter tract medially (arrow).answered specific questions by selecting from a group of cards
that displayed a printed question with the correct response. To
evaluate his writing ability, he was requested to write specific
sentences with a pen. As the final test, he was asked to perform
calculations so that global integration of his language function
could be evaluated.
After successfully mapping his cortical function, tumor
excision was then performed by employing neuronavigation
(for anatomical localization) and wake-up direct cortical
Ojemen stimulation (for precise functional localization).
When the tumor resection was complete, general anesthesia
was re-introduced. The patient recovered well after surgery
without any new onset of neurological deficiency. The final
pathology report indicated an anaplastic astrocytoma. Post-
operative MRI showed adequate resection of the tumor
(Fig. 3). After surgery, the patient was referred to the Radio-
oncology for adjuvant radiotherapy.3. Discussion
In 1889, Zernow11 developed the first stereotactic frame for
intracranial navigation. Since then, the technique has under-
gone a dramatic degree of modification. Current neuro-
navigation techniques allow very precise anatomical
localization of brain lesions and serve as effective therapeutic
modalities for brain tumor removal. This approach results in a
greater degree of tumor resection and in increased survival
time.12 In 1999, Gumprecht et al1 described using the Brain-
Lab Neuronavigation System (which has a target-localizing
accuracy of 4  1.4 mm) in 131 cases of brain surgery.
These investigators concluded that the neuronavigation system
was remarkably helpful and user-friendly for neurosurgical
interventions. In 2004, Kurimoto et al13 retrospectively
Fig. 3. Axial T1 Cþ magnetic resonance image (MRI) shows focal dural and
subarachnoid enhancement in the surgical bed in the left temporoparietal lobe.
The enhancement may be the result of a surgical change or may be a small
recurrent tumor.
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malignant astrocytomas. The patients underwent craniotomy
with or without neuronavigation for tumor removal. Neuro-
navigation increased the radicality of tumor resection and
improved the survival time.
The availability of the neuronavigational system has made
intraoperative tumor localization considerably more precise,
although this system cannot provide functional information.
Therefore, neuronavigation cannot replace awake intra-
operative neurological testing. Excision of brain tumors in the
eloquent areas is associated with a risk of postoperative
neurological deficits. To minimize postoperative neurological
deficits after tumor excision, awake craniotomy has been
introduced for cortical mapping.1 The procedure is performed
with a particular emphasis on the intraoperative monitoring of
language function.14
Adequate brain tumor excision is critical and more exten-
sive surgical resections are clearly associated with better
prognoses.15,16 To achieve greater extensive tumor excision
with decreased functional compromise, some investigators
have combined neuronavigation with awake craniotomy to
remove gliomas located in the eloquent areas. In 2001, Mayer
et al17 described 65 consecutive patients with glial tumors in
the eloquent cortex. The patients underwent awake computer-
guided neuronavigational tumor resection. The investigators
observed that the removal of a large tumor volume was
associated with a better functional outcome.
Achieving anesthesia for awake craniotomy is difficult
because the anesthesia needs to provide adequate sedation,
analgesia, and stable respiratory and hemodynamic status, but
allow sufficient wakefulness so a patient can undergo neuro-
logical testing. Several anesthetic techniques for awake crani-
otomy have been described in the literature. Most techniquesrequire extubating the patient during neurological testing.3e7
The target-controlled infusion of anesthetic agentsdadminis-
tered on the basis of a patient’s responses to stimuli and the need
for speech testingdin combination with monitoring of the
bispectral index score (BIS) was first reported in 2000 and used
during awake craniotomy for tumor resection.6 In 2003, Sarang
and Dinsmore18 analyzed 99 cases of awake craniotomy with
different anesthesia methods. They reported that the compli-
cation rate was lower in the group of patients who underwent
BIS monitoring in combination with the target-controlled
infusion of anesthetic agents. However, extubating the patient
risked having the patient needing emergent endotracheal intu-
bation for airway maintenance. The induction of general
anesthesia and intubation of the trachea after the patient has
been positioned under the drapes is reportedly required in
2e16% of patients.7 Several approaches for emergent intuba-
tion have been proposed. However, patient safety should be
always the first consideration. Therefore, intubation throughout
the course of the operation is the only way to ensure airway
maintenance. In the present report, the intubated patient who
underwent neuronavigation-guided, well tolerated wake-up
craniotomy language testing, was fully cooperative during
testing, did not experience any obvious suffering during the
testing, and had a good surgical outcome without any neuro-
logical deficits. Studies using large groups of patients are
nevertheless needed to confirm that the modified neurological
testing for intubated patients described in this report is an
adequate replacement for traditional speech testing.References
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